We require representative data of species occurrence to explain plant diversity patterns, but most of the available information is incomplete and biased. To improve our knowledge, we suggest that species inventorying should be an iterative process encompassing the following: (1) the detection of taxonomic and geographical gaps; (2) the planning of a survey design to reduce such gaps; and (3) the evaluation of field sampling results. Here, we focus on the latter phase for the bryophytes of Terceira Island (Azores) for which we have previously estimated < 1% of the area as well surveyed based on historical collections. To examine the performance of our stratified survey based on two factors (land use and environmental regions), we used rarefaction curves, ANOVA tests and bootstrap sampling. We recorded 40% of all the species known for the island and presented eight new citations. The species assemblages remained similar between historical and current inventories. Most localities had completeness values > 85%, but we always exceeded the optimal sampling effort. Land uses and environmental regions affected species diversity, but, unexpectedly, to a different degree. Our study illustrates the difficulties of planning field surveys to obtain reliable biodiversity patterns, even when prior information and standardized sampling protocols are explicitly considered.
INTRODUCTION
Describing the whole diversity of organisms on the planet is virtually impossible. However, for a certain temporal scale, we can approximate true diversity to numeric estimates that may be more or less reliable, depending on the inventorying effort and the detectability of taxa. For groups such as mammals or birds, our current knowledge of diversity seems to be an accurate estimate based on collection trends and expert knowledge (Chapman, 2009) . For hyperdiverse groups, however, there is still much to discover: up to 80% in arthropods (Zhang, 2011; Basset et al., 2012) and probably more than 30% in bryophytes (Bebber et al., 2007; Paton et al., 2008; Mutke & Geffert, 2010) , the second most diverse group of plants after angiosperms. These are just examples of the existence of taxonomic gaps, the so-called Linnaean shortfall (Brown & Lomolino, 1998) .
In most cases, the Linnaean shortfall is also associated with an unequal knowledge of diversity through geographical space, the so-called Wallacean shortfall (Brown & Lomolino, 1998) . That is, we know some areas better than others simply as a result of a matter of spatial scale, opportunity and availability of resources. There are well-known regions for certain taxa, such as British breeding birds (Risely et al., 2011) or water beetles in south-eastern Iberia (Sánchez-Fernández et al., 2008) , whereas there are other regions that have been less explored or not explored at all. In Brazil, for example, a country that holds approximately 20% of global angiosperm diversity, there are only 8.7% well-known grid cells at a 0.5°resolution (Sousa-Baena, Garcia & Peterson, 2014) . The implications of this bias in the study of diversity patterns are as important as having low values of inventory completeness. If the observed species occurrences do not represent the spatial and environmental spectrum of the study region, it will be difficult to understand the causes of the uneven geographical distribution of species (Sastre & Lobo, 2009; Boakes et al., 2010; Beck et al., 2013) .
Despite the long survey tradition carried out over the past two centuries, and our increasing knowledge of the natural history of living organisms, the prevalence of the Linnaean and Wallacean shortfalls stresses the fact that fieldwork is still very necessary for biodiversity studies. Fortunately, there are collection protocols appropriate for each taxon (e.g. Cardoso, 2009; Dengler, 2009; Gaspar et al., 2014) and sampling designs that work well at different spatial scales (e.g. Hirzel & Guisan, 2002; Croft & Chow-Fraser, 2009 ). For instance, sampling designs based on the environmental diversity approach (Faith & Walker, 1996) , such as stratified or heuristic methods, are suitable for maximizing the study of species diversity in a region by accounting for as much environmental heterogeneity as possible (Funk, Richardson & Ferrier, 2005; Medina et al., 2013) . Ultimately, however, the degree of inventory completeness of our sampling design will depend on the available resources. The effort that we can invest, both in the field and in the laboratory, is thus the main limiting factor when inventorying biodiversity. In this regard, the existing information on species occurrences, despite being usually incomplete and biased, should play an important role in optimizing the cost-effectiveness of surveys designed to determine the distribution of biodiversity (Sánchez-Fernández et al., 2011) .
Furthermore, the available primary biodiversity information may also be highly valuable in validating new sampling data (e.g. Michalcova et al., 2011; Chytry et al., 2014) . We can examine how many species have been collected, and how optimal the invested effort has been, compared with previous knowledge of species diversity. Indeed, after the field and laboratory work, evaluation of the sampling performance is the most important phase in the iterative process of species inventorying ( Fig. 1 ; see also Gaspar et al., 2014) . The larger the extent of the study area and the less we know about its diversity, the greater the feedback between the uncertainty present in sampling results and the need for additional data. It is clear from this that the relevance of the past taxonomic and floristic work previously devoted to generate primary biodiversity data is high, despite increasing trends of model-based techniques and massive genetic data to estimate the distribution and diversity of species (Yoccoz, 2012; Beck et al., 2014) . Conceptual framework of the species inventorying process and its implication for ecological and biogeographical studies. If there is sufficient representative information on species occurrences, appropriate modelling techniques can be used to examine our hypotheses on species diversity and distribution (A); otherwise, we need to generate additional data (B). When available, previous information on species occurrences must be considered to optimize and validate the inventorying process (dotted line). Note that the evaluation of sampling results (i.e. inventory completeness) is a key step in the measurement of data uncertainty.
In this study, we exemplify, for the bryophytes of Terceira Island (Azorean archipelago), the strengths and weaknesses of a deliberated field sampling to estimate regional diversity after accounting for all available data previously collected by botanists. Two studies precede this work, which overall illustrate the main sequential steps that should be ideally implemented when inventorying species diversity (Fig. 1) . First, we detected important knowledge gaps in this region, despite being the most wellknown island in the archipelago with an intensive activity in bryophyte collection during the last 30 years . To reduce these gaps, we then planned a stratified sampling covering the environmental and land use variability in the island as a trade-off between the invested working effort and the ecological representation needed to generate reliable diversity estimates . Here, we examine the performance of our sampling design by: (1) estimating the inventory completeness and examining its efficiency in terms of sampling effort; (2) comparing the collected diversity values with those provided by historical information; and (3) exploring whether the variables chosen for the survey planning according to the known bryophyte ecology actually explain the diversity patterns obtained. Beyond practical implications, our investigation intends to highlight that species inventorying should be considered as an iterative process that needs to be continuously improved if our aim is to determine which factors and mechanisms are behind biodiversity patterns.
METHODS

AREA OF STUDY
Terceira is a relatively small volcanic island (400 km 2 ) in the central group of the Azorean archipelago, and is separated by approximately 2000 km from mainland Europe, the closest continent. The highest point is Serra S. Bárbara (1021 m). The native vegetation shows temperate oceanic affinities, including the evergreen laurel forests of Laurus azorica (Seub.) Franco and Ilex perado Aiton ssp. azorica Tutin and other vegetation formations dominated by Juniperus brevifolia (Seub.) Antoine and several members of Ericaceae. However, these pristine habitats have decreased markedly over time (Gaspar, Borges & Gaston, 2008) and the current landscape of Terceira is a mosaic of cattle pastures and exotic forests of Cryptomeria japonica (Thunb. ex L.f.) D.Don, Eucalyptus spp. and the invasive species Pittosporum undulatum Vent. Social areas (including mostly cities, towns and villages) are mainly located in the coastal areas of the island (Fig. 2) . SAMPLING PROTOCOL Survey localities were selected using a stratified sampling scheme based on two sources of information (land use and environmental variables) that were equally considered (detailed description in Aranda et al., 2011) . Thus, each survey locality represents a unique combination of five land uses (native forests, exotic forests, intensive pastures, semi-natural pastures and social areas) and four main environmental regions (R1, R2, R3 and R4) delimited by a cluster analysis, including climatic, topographical and geological variables (Fig. 2) . Briefly, R1 is characterized by higher temperatures and low precipitation, whereas the highest annual rainfall and the lowest temperatures occur in R4. The regions R2 and R3 have relatively similar climatic environments, but the former is located in a lower and flatter altitudinal zone. We could not survey the sampling stratum corresponding to R1 × semi-natural pasture because all existing localities showed land use modifications. Accordingly, we surveyed a total of 19 localities trying to cover as much environmental range as possible with the amount of effort that we could invest in the field and in the laboratory (Table 1 ). This survey effort was decisive in deciding the number of localities to be surveyed and in previously determining the number of strata based on the land uses and environmental regions (see Aranda et al., 2011) .
In each selected locality, ground bryophytes were collected from five sampling zones separated by approximately 25 m along a 100 m × 10 m transect. If available, we sampled three replicates (vegetation plots) for each one of the considered substrates (rocks, soil and rotting wood) in each sampling zone. Hence, the number of vegetation plots per survey locality ranged from 15 to 33 (see Table 1 ). In each vegetation plot, we recorded all species and visually estimated their percentage cover (seven categories: presence < 1%, 1%, 1-5%, 5-20%, 20-50%, 50-75% and 75-100%). As the abundance of bryophytes differed greatly between land uses, we considered different plot sizes to obtain representative and comparable cover estimates in forests (30 cm × 30 cm), pastures (100 cm × 100 cm in soil and 30 cm × 30 cm in rocks) and social areas (5 cm × 5 cm). Most fieldwork was performed by the first and last authors over 34 days during the summer of 2008.
The specimens were identified at the species level using mainly Smith (2004) and Casas et al. (2006) for mosses and Paton (1999), Schumaker & Vána (2005) and Casas et al. (2009) specimens) were sent to specialists for taxonomic confirmation. The final database included 1944 records, which included collection information for each specimen found in the vegetation plots (available on request). Forty-one specimens from this dataset were identified at the genus level because of their damaged condition or lack of sexual characters. Voucher specimens have been deposited in the Herbarium of the University of Azores (AZU). For nomenclature, see Supporting Information Table S1 .
DATA ANALYSES
Inventory completeness and sampling efficiency
We used species accumulation curves (SACs) to estimate the level of inventory completeness based on the number of species collected at each survey locality as a function of the performed sampling effort. The number of vegetation plots was used as a measure of sampling effort to build a smooth SAC (rarefaction curve) after randomly resampling the plot order 1000 times (Gotelli & Colwell, 2011) . From such rarefaction curves, the mean value of inventory completeness was calculated using the Ĉ estimator (Chao & Jost, 2012) . Ĉ is related to the final slope of the SAC, and hence species inventories are considered to be more complete at higher Ĉ or lower slope values.
The sampling efficiency was examined by exploring the relationship between inventory completeness and sampling effort to then estimate the optimum number of vegetation plots needed to obtain comparable inventories. To do this, we assessed the statistical significance of the difference between the maximum inventory completeness reached at each survey locality and the equivalent value obtained with fewer vegetation plots. We calculated the overlap between the 84% confidence intervals for the mean completeness estimate as a statistical test with an α level of 0.05 (MacGregor-Fors & Payton, 2013) . We then used an ANOVA test to calculate the main effects of the two factors, 'land use' and 'environmental region', on the variation in the optimum sampling effort and inventory completeness among survey localities. In this way, we assessed whether survey efficiency differed between the levels of these two factors. We checked the normality of the residuals and the homoscedasticity assumptions. The statistical significance of all pairwise post hoc comparisons was assessed with a Tukey honestly significant difference (HSD) test adapted for unequal sample sizes between groups.
Previous and current knowledge of bryophyte species diversity
To examine the consistency between diversity estimates using recent field data and historical records coming from heterogeneous sources, we compared our sampling results with those obtained previously and made available in the literature and unpublished records . We followed the most recent checklist of Azorean bryophytes with some updates . In particular, we examined whether species assemblages remained similar between the former and present inventories using the 13 Universal Transverse Mercator (UTM) grid cells of 500 m × 500 m that had previously been identified as well surveyed and that may be comparable with our study [herein wellsurveyed cells (WSCs), Aranda et al., 2011; see Fig. 1 ]. If available, we kept information on ground bryophyte data from previous collections. We used the Simpson index (β sim) to estimate the assemblage resemblance based on presence-absence data, because this index is independent of variations in richness values (Lennon et al., 2001) ; βsim ranges from zero to unity, higher values indicating greater dissimilarity.
Effects of the selected stratifying variables on bryophyte species diversity
To estimate whether the two stratifying variables (land use and environmental region) had a similar H was calculated using the frequency of occurrence (i.e. number of vegetation plots in which each species was found). Each survey locality corresponded to unique combinations of the main land uses (LU: NatFor, native forests; ExoFor, exotic forests; SemiPast, semi-natural pastures; IntPast, intensive pastures; Social, social areas) and environmental regions (ER: R1-R4) existing in Terceira Island. The locality corresponding to R1 × semi-natural pasture could not be surveyed in the field (see text). Differences in species composition (Simpson dissimilarity index, βsim) between the 500 m 2 Universal Transverse Mercator (UTM) well-surveyed cells (WSCs) selected from prior knowledge and current survey localities are also indicated. For each survey locality, the available substrates (soil, S; rock, R; rotting wood; RW), percentage of inventory completeness (IC) obtained with all sampling units (SU, i.e. number of vegetation plots) and the sampling effort that would have been needed to reach this same level of inventory completeness (Opt SU) are also shown. Inventory completeness was calculated with Ĉ using rarefaction curves (Chao & Jost, 2012) effect on the variation in diversity among survey localities, we first identified the same level of inventory completeness at which comparisons could be feasible. We followed the methodology proposed by Chao & Jost (2012) for species richness (S), the exponential Shannon (e H ) and beta diversity (βsim) by bootstrapping the community matrix 500 times and selecting the number of vegetation plots necessary to reach the minimum value of comparable completeness (Ĉ ). We hence evaluated the effect of land use on the variation in diversity among localities belonging to the same environmental region, and vice versa, by calculating the degree of overlap between the distributions of the bootstrapped values. Plot size did not affect the results here because comparisons of diversity were made regardless of sampling effort (see Chao & Jost, 2012) . All computations were performed using STA-TISTICA (StatSoft Inc., 2013) , the vegan package in R (Oksanen et al., 2013) and iNEXT software (Hsieh, Ma & Chao, 2013) .
RESULTS
INVENTORY COMPLETENESS AND SAMPLING EFFICIENCY
In total, we sampled 379 vegetation plots, from which we recorded 146 bryophyte species belonging to 50 families and 98 genera (Supporting Information  Table S1 ). Survey localities could be considered well sampled because most exceeded 90% of inventory completeness and only one had < 80% of existing species collected (Table 1) . However, similar inventory completeness could have been achieved with much less survey effort (Table 1) .
Although no significant differences were found in sampling efficiency among environmental regions (not shown), differences among land uses were statistically significant in the optimum sampling effort (F 4,14 = 4.63, P = 0.014) and inventory completeness (F4,14 = 6.88, P = 0.003). On average, it should be necessary to sample 17 vegetation plots in native forests, 12 in exotic forests, 11 in semi-natural pastures, six in intensive pastures and seven in social areas (Fig. 3A) . Inventory completeness was statistically lower in social areas than in all the other land uses, except for semi-natural pastures (Fig. 3B) .
PREVIOUS AND CURRENT KNOWLEDGE OF SPECIES DIVERSITY
In general, the species assemblages derived from the historical information and those obtained with the current field sampling remained relatively similar. All comparisons between the 13 WSCs and the five comparable survey localities gave βsim < 0.5 (Table 1) . In Serra S. Bárbara (SB) and Terra Brava (TB), 83% and 90%, respectively, of all the collected species had already been recorded in one or more of the WSCs within the stratum. For Matela (MT), Pico da Bagacina (BG) and Caminho dos Altares (CA), βsim values oscillated from 0.33 to 0.41, as there was only one WSC in the whole stratum.
We recorded approximately 40% of all the species cited for Terceira Island and one-third of the species recognized for the whole archipelago. Three species were recorded for the first time in the Azores [Rhynchostegiella litorea (De Not.) Limpr., Didymodon umbrosus (Müll.Hal.) R.H.Zander and Trichodon cylindricus (Hedw.) Schimp.; see Ellis et al., 2011 Ellis et al., , 2013 , and five species were new citations for Terceira 
EFFECTS OF THE SELECTED STRATIFYING VARIABLES ON SPECIES DIVERSITY
We focused our analyses on the number of effective species (e H ) because it was highly correlated with species richness (Spearman r = 0.98, P < 0.001; see Table 1 ). Our findings showed that most comparisons of e H between environmental regions were statistically significant (Fig. 4 ; Supporting Information  Table S2) Table S2 ). e H was calculated for each locality by bootstrapping the community matrix 500 times, choosing the number of samples (i.e. vegetation plots) necessary to reach the minimum value of comparable completeness in each case (see Table 1 ). The degree of overlap between the density distributions of such bootstrapped values was used to test significant differences in e H (Supporting Information Table S2 ). The key shows the survey localities (in parentheses) corresponding to each environmental region (codes as in Table 1 ; see Methods for further details). Bagacina) and R4 (Caminho dos Altares) remained marginally significant (P = 0.06). In forest, for instance, such differences may reach almost twice the diversity between distinct environmental regions. It should also be noted that the diversity values of R1 and R4 always differed significantly (Fig. 4) . The comparisons among land use for each environmental region showed an obvious gradient from the richest native forests to the least diverse intensive pastures, with the other land uses in an intermediate position regardless of the environmental region ( Fig. 5 ; Supporting Information Table S3 ). As expected, the magnitude of such differences was higher than those found in the analogous case among environmental regions (Fig. 4) . However, the effective number of species in the forests of R4 (Fig. 5D ) was not significantly different, regardless of their origin (either native or exotic). We also found that, among disturbed land use, semi-natural pastures, social areas and even exotic forests had similar numbers of effective species living on ground substrata.
Consistent results were obtained for species composition (Table 2; Supporting Information Tables S4,  S5 ), which showed, on average, a higher dissimilarity of local assemblages between land use belonging to the same environmental region (up to β sim = 0.84) than vice versa (up to βsim = 0.71). The value of community dissimilarity in the case of semi-natural pastures was much lower (βsim = 0.45), in accordance with previous results on the number of effective species (Supporting Information Table S2 ).
DISCUSSION
This work completes a series which illustrates the difficulties and caution that need to be considered during the inventory process in any region or group of organisms (see Aranda et al., 2010 Aranda et al., , 2011 : (1) detection of taxonomic and geographical gaps; (2) planning of a sampling design to reduce the lack of knowledge previously detected; and (3) evaluation of the sampling results in relation to previous decisions for survey planning (Fig. 1) . The latter is probably the most difficult step to be implemented because it is time consuming and usually requires interdisciplinary collaboration, especially when working with hyperdiverse groups at large geographical scales. It is clear from this that criticisms of the 'taxonomic impediment' should be correctly contextualized (Sluys, 2013) . Hence, the iterative evaluation of the sampling results is a key aspect for the optimization of the survey design if the aim is to obtain reliable biodiversity patterns (e.g. Gaspar et al., 2014) . Using, as a case study, the bryophytes of a relatively small region with a great number of historical records, the evaluation of our survey planning suggests that: (1) we may improve our knowledge of regional diversity, but it may still be far from complete; (2) local values of inventory completeness may be high but, to be efficient, the survey effort should be unevenly distributed according to land use conditions; (3) the historical floristic information may be useful to validate and propose new field sampling protocols aimed at describing biodiversity patterns; and (4) the sources of information used in the stratified survey design should be weighted differentially according to the contribution in explaining diversity differences.
Without considering the species growing on trees, we have collected approximately 40% of the bryophyte diversity known in Terceira in < 1% of the island area sampled, and we have recorded the presence of eight species on the island for the first time. However, there are still obvious gaps of knowledge that must be covered. This is a clear example that species inventorying is, by nature, a complex process that must be continuously implemented, even when there is a large amount of historical information, as we show here for the bryophytes of Terceira (cf. Robertson, 2008; Boakes et al., 2010; Beck et al., 2013) . The need for more taxonomic work is a frequent claim (Scheffers et al., 2012) . However, the key aspect of this study is that it quantifies and addresses how we should continue this work in the future. In particular, we call attention to the efficiency of the collecting protocol and to the performance of the variables chosen to select the survey localities according to prior knowledge of species ecology (Braun & Reynolds, 2012; Ferrer-Paris et al., 2013) . The underlying assumptions behind such decisions are limited by the working effort that we could invest, and should thus be examined to improve the sampling design and, ultimately, our understanding of biodiversity patterns (Hortal, Lobo & Jimenez-Valverde, 2007; BallesterosMejia et al., 2013) .
We obtained high values of inventory completeness in most sampling localities, but we always exceeded the sampling effort needed. In fact, in many cases, we could have collected half of the vegetation plots to obtain the same species diversity. Moreover, both the optimum sampling effort and the inventory completeness varied as a function of the land use, but not the environmental region. Although these findings are context dependent, they suggest that collection protocols may not be sufficiently efficient, and that the variables chosen to plan the field survey in a region may differentially affect the sampling effort needed at a local scale (Coddington et al., 2009; Watson, 2010) . We should probably have distributed the sampling effort between, rather than within, localities, especially for disturbed places, such as social areas and intensive pastures, which showed lower values of inventory completeness. However, at the other extreme, we found that, in localities with lowest completeness values, the optimum sampling effort was also overcome (Table 1) . These results point to the need for complementary protocols to capture the missing local rarities in these localities, such as ephemeral or spatially restricted species, for which expert knowledge from taxonomists is essential (Colwell & Coddington, 1994; Preston et al., 2010) . Hence, intensive local sampling also provides valid information that otherwise could not have been revealed.
The environmental diversity framework has shown contradictory results in capturing high species diversity (e.g. Araújo, Densham & Humphries, 2003; Medina et al., 2013) . In our case, it performed relatively well because there was a seeming effect of both stratifying variables, giving support to our prior hypotheses for survey planning . (Baselga, 2010) was calculated in each case by bootstrapping 500 times the minimum number of sampling units needed at equivalent levels of inventory completeness (see text for further details). Categories of land use and environmental regions as in Table 1 (see Methods  for Table S4 ). Similarly, the number of pairwise comparisons in R1 was lower (N = 6) than in the other environmental regions.
However, the type of land use contributes more than the environmental regions to create differences in species diversity, suggesting that this issue should be further considered when sampling bryophytes (cf. Newmaster et al., 2005; Löhmus, Löhmus & Vellak, 2007; Corrales et al., 2010) . Although the importance of land use for bryophyte diversity is well known by bryologists, to our knowledge, there are no previous studies in the literature showing the relative importance of this factor over environmental variables.
Regardless from these results, we can say that differences in local diversity were statistically significant for some land uses and environmental regions, but more survey localities per stratum would be needed to support the effectiveness of the stratifying protocol itself (Hirzel & Guisan, 2002) .
LESSONS FOR FUTURE PROSPECTS
This work did not aim to find the best sampling method of species diversity for a particular case study.
It was intended as a first approach to orient the fieldwork when prior knowledge is lacking or insufficient, a situation that happens in many taxa and regions. Certainly, our results serve as a baseline to improve future sampling of bryophytes in Terceira (and other islands) and to study diversityenvironment relationships (see Gabriel & Bates, 2005) . However, we conclude by stressing three more general recommendations. (1) Whether or not previous information about species occurrences generates diversity values consistent with current inventories is a key question for the inclusion of such past data in biodiversity studies (Feeley & Silman, 2011; Lintz, Gray & McCune, 2013) . (2) It is desirable to evaluate the effectiveness of the invested sampling effort in obtaining reliable inventories and representative data of biodiversity variation. This sampling effort should ideally be established according to the spatial and environmental variation prevailing in the study area, and limited by the experience of species collection and identification and the time and resources available to carry out this work. (3) The main factors influencing species distribution should be chosen before planning the fieldwork according to expert taxonomists, but their relevance should also be assessed after carrying out the survey in order to estimate reliable biodiversity patterns. 
